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Distribution of Nosema ceranae (Microspora, Nosematidae) in the Apiaries in Ukraine. 
Odnosum, H. V. — Investigated the distribution of microsporidia Nosema ceranae — the pathogen of 
so-called «Asian» Nosema disease in the apiaries of Ukraine. Investigated 784 samples of bee's podmore 
in a large extent affected by Nosemosis, that have been sent by beekeepers for research from 11 regions 
of Ukraine (Kyiv, Poltava, Vinnytsia, Chernihiv, Zhytomyr, Sumy, Zaporizhia, Donetsk, Volyn, Lviv, 
Khmelnytsky) in 2014-2016. Microsporidia Nosema ceranae was found in 74.5 % of the analyzed bee 
samples, i. e. on prevalence it dominated the microsporidia Nosema apis. Clinical signs and course of 
Nosema disease in bee families, where been found microsporidia Nosema ceranae, were classic, namely 
the weak development of families in the spring, in some families — the presence of traces of diarrhea. 
Key words: Nosema ceranae, Nosema apis, Nosema disease, microsporidia, Apis mellifera L., bee families, 
apiaries, beekeeping, distribution. 


Introduction 


Microsporidia (or Microspora) — a phylum of an obligate intracellular protozoan parasites — eukaryotes. 
The subject of the article is not a discussion about relation of microsporidia to the protozoa or the fungi, which 
is recently so popular (Issi, 1986; Karpov, 1990; Westheide, Rieger, 1996; Sokolova, Issi, 2001; Franzen, 2008; 
Scherbak, Tsarychkova, 2008; Corradi, Keeling, 2009; Soo Chan et al., 2010). We focus on distribution and 
economic significance of entomopathogenic microsporidia, parasitizing Apis mellifera (Linnaeus, 1758), which 
has a major role in the pollination of the most entomophilous cultures. 

The disease, which causes by microsporidia in honeybees and which is widespread in areas of intensive 
beekeeping, called nosemosis. This parasitic disease causes periodic mass deaths in the bee colonies not only in 
Ukraine but all over the world (Grobov et al., 1987; Bourgeois et al., 2009; Pacini et al., 2016). Until recently, the 
agent of nosemosis of honey bees considered to be the microsporidia Nosema apis (Zander, 1909). It has been 
shown quite recently that in many countries the nosema disease is caused not only by Nosema apis, but also 
by Nosema ceranae Fries, Feng, Silva, Slemenda & Pieniazek, 1996 (Fries et al., 1996; Martin- Hernandez et al., 
2007; Roudel et al., 2013; Csaki et al., 2015). 

Nosema ceranae was originally described as a parasite of the Asian honey bee Apis cerana (Fabricius, 
1793) (Fries et al., 1996), and the nosemosis it caused was called “Asian”. Later Nosema ceranae was discovered 
also in European honey bees in all the continents (Klee et al., 2007; Fries, 2010; Branchiccela et al., 2013; Bol- 
lan et al., 2013), and in some countries it was found to be either the only agent of the nosemosis, or prevailing 
Nosema apis in distribution. Nosema ceranae prevails in apiaries in most states of the USA (Chen et al., 2009), 
South America (Mendoza et al., 2016), the Balkan countries (Stefanovic et al., 2010), and Japan (Yoshiyama, 
Kimura, 2011), Canada (Williams et al., 2008), Turkey (Rahsan et al., 2016), Iran (Nabian et al., 2011). Distribu- 
tion of microsporidia Nosema ceranae on apiaries has been studied already in most EU countries (Klee et al., 
2007; Kasprzak, Topolska, 2007; Bacandritsos et al., 2010; Stefanovich et al., 2010; Bollan et al., 2013). 
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Nosema ceranae has been recorded by Tokarev et al. (2010), Zinatullina et al. (2011), and Ignatieva et al. 
(2012) from Russian Federation, where it dominates over Nosema apis in the southern regions. Distribution 
of Nosema ceranae in Estonia, Latvia, Lithuania, Belarus, Moldova, most regions of Russia, Georgia, Armenia, 
Azerbaijan, Kazakhstan, Uzbekistan, and Kyrgyzstan, as well as in many other countries, remained unknown. 

In Ukraine, Nosema ceranae was found and recorded by the author with collaborators in 2013 in the 
apiaries of Kyiv, Poltava, and Zaporizhzhya Regions (Yefimenko et al., 2014). However, actual distribution of 
this pest species in Ukraine stayed unknown. 

This study aimed to study distribution of Nosema ceranae in the apiaries over Ukraine; for this, we took 
samples of live and dead bees from the apiaries in different regions of Ukraine, where nosemosis is recorded, 
examined the condition of bee families and clinical signs of the nosemosis, and analyzed the samples of bees 
under light microscope to detect invasion by Nosema ceranae and Nosema apis. 


Material and methods 


Samples of dead bees were collected in apiaries in 2014-2016 in Donetsk (Dobropilla, 2 apiaries, 80 sam- 
ples) and Kyiv Regions (Skvyrsa District, Kryvoshyyintsi, 3 apiaries, 60 samples) in 2014, Kyiv Region (Boryspil 
District, Chubinsky, 1 apiary, 40 samples) in 2015, Zaporizhzhya (Vilniansk, Melitopol, 1 apiary, 64 samples), 
Sumy (Glukhiv, 2 apiaries of Krolivets, 3 apiaries, 115 samples), Poltava (Orzhytsia and Hrebinka, 2 apiaries, 
52 samples), Chernihiv (Nizhyn, 3 apiaries, 67 samples), Vinnytsia (Pohrebysche, 1 apiary, Illincy, 1 apiary, 
88 samples), Khmelnytskyi (Vinkivtsi settlement, 2 apiaries, 29 samples), Zhytomyr (Ruzhin and Baranivka 
2 apiaries, 67 samples), Volyn (Lutsk, 1 apiary, 34 samples), from of Lviv Region (Zolochiv, Drohobych, and 
Sambir, 3 apiaries, 48 samples), and of Kyiv Regions (Kyiv-Svyatoshinsky District, Bucha, 1 apiary, 40 samples) 
in 2016. Total 784 bee samples were analyzed. 

Microscopic analysis and the rate of bees invaded by the microsporidia spores were determined by con- 
ventional methods. Bee abdomens are separated and placed in a porcelain mortar, thoroughly triturated with 
the addition of distilled water at a rate of 1ml per abdomen, and homogenized. A drop of the prepared suspen- 
sion applied on a glass slide, covered with a coverslip, and examined under the microscope at a middle magni- 
fication (x400-600) in a shaded field of the view, examining at least 20 fields of the view (Voronin, Issy, 1974; 
Grobov et al., 1987). 

Nosema apis spores are oval, size varies 4.5-7.5 x 2.5-3.5 um, covered by a cover 0.2-0.3 um (Grobov, 
1987). Nosema ceranae spores straight, oval, slightly curved, size varies 3.6-5.5 x 2.3-3.0 um and the thickness 
of the cover is about 0.137-0.183 um (Fries et al., 1996). 

Morphometric analysis was carried out by microscoping of the drop of suspension of spores in the bright 
field of the light microscope. As a standard were used samples of Nosema apis and Nosema ceranae spores, spe- 
cies belonging of which was set by the methods of the light microscopy and molecular phylogeny (Giles, 2008; 
Tokarev et al., 2010; Zinatullina et al., 2011; Ignatieva et al., 2012) (fig. 1). 


Results 


Spores of microsporidia were found in all analyzed samples of bees, with 10-500 spores 
per field of the view (magnification x400). Morphometric analysis showed the accordance 
of size characteristics of identified spores (length, width, length-to-width and shape) to the 
indicators specific to Nosema ceranae. As statistically reliable distinction of dimensional 





Fig. 1. Nosema ceranae (a) and Nosema apis (b) under the light microscope (x400 and x1000) (after Giles 
(2008), with changes). 
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characteristics of morphotypes, spores which belong to Nosema apis and Nosema ceranae, 
were established by a method of sequencing of ribosomal RNA gene region, so the revealed 
spores we identified as Nosema ceranae. 

Of the 784 samples, 305 samples (38.9 %) contained Nosema ceranae microsporidia, 
200 samples (25.5 %) — Nosema apis microsporidia; 279 samples (35.6 %) were invaded 
by both microsporidia species, i. e., Nosema ceranae was present in 74.5 % of the analyzed 
samples of bees affected by nosemosis. 

Nosema ceranae spores were found in 11 regions of Ukraine (fig. 2). 

Of the 784 analyzed bee samples only in 81 samples (10.3 %) were observed signs of 
diarrhea, which with the same frequency observed in those samples where it was found 
Nosema apis, and in those where been observed Nosema ceranae, or where they were met 
together. In other words, this feature was not characteristic for any one type of microspo- 
ridia. A characteristic feature at mono- and mixed invasion on condition of strong invasion 
degree was a weak development of bee colonies. 


Discussion 


The presence of Nosema ceranae spores in 74.5 % of the analyzed samples of bees from 
11 regions of Ukraine clearly shows that this species is widespread in the apiaries of Ukraine 
in different climatic zones and significantly prevails Nosema apis. 

The nosemosis clinic in examined apiaries was classic, namely the weak development 
of families in the spring, with tracks of diarrhea in some of them. Diarrhea is not always a 
characteristic feature of nosemosis caused both by Nosema apis (Grobov et al., 1987; Efi- 
menko, 2000) and Nosema ceranae. Its pathogenesis largely depends on the degree of bee’s 
contamination by these parasites, either microsporidia Nosema apis or Nosema ceranae 
(Pavlichenko et al., 2012; Yefimenko et al., 2013). 

Microsporidia do not have their own mitochondria and live exceptionally due to the 
ATP produced the host, so manifestation of disease occurs usually in the spring, in the 
period of the high energy loss, which is connected with the beginning of growing of the 





Fig. 2. Regions of Ukraine, where Nosema ceranae spores were found. 


164 H. V. Odnosum 


brood and need to maintain an optimal climate in the nest (Yefimenko et al., 1994). Such 
a nosemosis manifestation we observed in the apiaries, where both Nosema ceranae and 
Nosema apis were detected. We observed the manifestation of disease in the rest of the year, 
mostly in autumn, is extremely rare and provoked by a high percentage of varroosis, in- 
toxication by honeydew etc. Besides, it provokes nosemosis exacerbation, which may cause 
mass death of bees, presence of pesticides in food, weak bee families, unable to support the 
microclimate in the nest, late feeding bees by sugar syrup. 


Conclusion 


1. For the first time on the territory of eleven regions of Ukraine, which are situated in 
different climatic zones, was studied the dissemination of microsporidia Nosema ceranae — 
bee’s Nosemosis pathogen, which is also called “Asian”. 

2. Microsporidia Nosema ceranae was detected in the samples of bees from 11 regions 
of Ukraine, where been received the samples of bees for analysis. In some apiaries Nosema 
ceranae met along with microsporidia Nosema apis and very few samples of bees, where 
been presented only microsporidia Nosema apis. 

3. Clinical signs and manifestation of Nosema disease in bee families from which 
were selected samples and revealed microsporidia Nosema ceranae, were classic, namely 
weak development of families in the spring, in some families — the presence of traces of 
diarrhea. 


This paper is a part of the author’s PhD studies at the National University of Life and Environmental Sci- 
ences of Ukraine. The studies of distribution of Nosema ceranae in the apiaries of Ukraine became possible due 
to the collaboration agreement between the Laboratory of Technological and Special Measures of Prevention 
of Bee Diseases of P. I. Prokopovich Institute of Beekeeping (Kyiv, Ukraine), Laboratory of Microbiomethod of 
All-Russia Institute of Plant Protection (St. Petersburg, Russia), and Department of Parasitology and Tropical 
Veterinary Medicine of the National University of Life and Environmental Sciences of Ukraine (Kyiv, Ukraine). 
Special thanks for the help and advice to T. Yefimenko, Y. Tokarev, Z. Zinatullina, A. Ignatieva. 
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